Aim: To identify the Clostridium perfringens toxin genotypes prevailing in enterotoxemia suspected sheep flocks in Andhra Pradesh by using multiplex PCR. Materials and Methods: Intestinal scrapings were collected from lambs below three months of age from flocks with similar management from different Districts of Andhra Pradesh, in India. A total of 208 samples were collected with 140 from enterotoxemia suspected flocks and 68 from healthy flocks. Following processing and culture of the samples, colonies were identified by morphological and biochemical tests. All the clostridial isolates were analyzed by multiplex PCR. Results: C. pefringens were isolated from 97 out of 140 enterotoxemia suspected flocks (69.29%) and 27 out of 68 healthy flocks (39.71 %). Genotyping of the 97 iolates by multiplex PCR from enterotoxemia suspected flocks indicated C. perfringens type A, C and D 67.01% (65 out of 97); 11.34% (11 out of 97) and 21.65% (21 out of 97) respectively. Isolates from healthy flocks indicated the presence of type A and D 92.59% (25 out of 27) and 7.40% (2 out of 27) respectively. Number of isolates from enterotoxaemia suspected flocks were significantly high (P<0.001) than healthy flocks. Type A is found to be predominant in both enterotoxemia suspected and healthy flocks (67.01% and 92.59%). Conclusions: Prevalence of C. perfringens type C was reported for the first time in India. Clostridium perfringens type D and type C were found to be the major causative types for enterotoxemia.
Introduction
Clostridium perfringens is an important anaerobic spore-forming Gram-positive non-motile rods affecting human and animals. The organism can produce up to 16 different toxins and enzymes in various combinations, including lethal toxins [1] . Enterotoxaemia in sheep is caused by different toxin types of C. perfringens with case fatality rates leading to considerable economic losses to the farmers [2] . Outbreaks of enterotoxaemia are reported regularly every year in India (Unpublished data) during the onset of monsoon season, in spite of regular vaccinations in sheep against C. perfringens Type D. Lamb mortality with severe enteritis and sudden deaths in sheep suggestive of Type B and Type C infections were also reported from many places in Andhra Pradesh. However, the existence of C. perfringens Type B and C has not been recorded in India.
Toxin typing of C. Perfringens is important since particular toxin types are associated with specific enteric diseases in animals [1] . Isolation, culturing and typing C. perfringens by conventional methods such as the mouse neutralization tests are laborious, time consuming, expensive and requires the use of live animals and monovalent diagnostic sera. Apart from the ethical considerations, the mouse neutralization test, also suffers from a lack of precision and variability of results [3] . Rapid and easy to use in vitro techniques like ELISA are used to demonstrate the toxins in the intestinal contents of diseased animals [4, 5] with limited options for subtyping. Failure to demonstrate toxins by an in vivo or in vitro assays cannot completely rule out the C. perfringens infection as some strains may not be able to produce toxins in measurable amounts under laboratory conditions [6] .
Toxin genotyping is found to be more reliable than the classical toxino typing [7] . Identification of toxin genes rather than the toxins they produce will help to identify the prevailing C. perfringens types in a geographical region. It is difficult to classify the isolates into toxigenic types by colony morphology, biochemical properties, analysis of fatty acids and organic acid end products of metabolism by gas-liquid chromatography [2] . Polymerase chain reaction (PCR) typing could demonstrate the presence of the encoding gene(s) in the bacterial genome [3] or in plasmid.
Various reports are available on application of multiplex PCR assays to identify cpa, cpb, etx, iap, cpe and cpb2 genes of C. perfringens isolates from different species viz., cattle, sheep, goat, swine and poultry [8] [9] [10] [11] [12] [13] [14] . There is a need to identify the prevailing C. perfringens types in the region to understand the epidemiology of enterotoxaemia in sheep, particularly in lambs which helps in improvement of the most appropriate vaccine [6] .
The present study is aimed to standardize multiplex PCR for toxinotyping of C. perfringens to investigate the prevalence of C. perfringens toxino types using multiplex PCR. Clinical samples were collected from the sheep farms with semi-intensive system of rearing showing lamb mortalities in unvaccinated flocks of Kurnool and Chittoor Districts regions in Andhra Pradesh state of India, during the onset on monsoon. Lambs below three months of age with a history of sudden deaths and/or a green pasty diarrhea, staggering, recumbence and convulsions suggestive of enterotoxaemia were selected. The small intestinal loop with specific lesions like hemorrhages, hyperemic intestinal mucosa with slight to marked red fluid contents of the intestine were collected from the dead lambs and transported to the lab on ice. A total of 208 samples collected from 140 enterotoxaemia suspected and 68 healthy lambs were then inoculated into Robertson's cooked meat medium with brain heart infusion broth and incubated at 37°C for 24 h in McIntosh Field's anaerobic jar containing AnaeroHigas pack with indicator ( make). Bacterial cultures appeared were further streaked on to reinforced clostridial agar. The culture plates were then incubated in anaerobic jar with Anaero-Higas pack at 37°C for 48 h. Following incubation, the colonies were provisionally identified using growth characters, colony morphology, grams staining and biochemical tests as per the method described by previous authors [15] to identify C. perfringens.
Materials and Methods

C. perfringens
Toxin genotyping of isolates was done based on multiplex PCR test. Since, it difficult to classify the isolates into toxigenic types by colony morphology, biochemical properties, analysis of fatty acids and organic acid end products of metabolism by gas-liquid chromatography [2] , in the present study C. perfringens isolates obtained were subjected to multiplex PCR test for detection of toxin genes.
The DNA was extracted from C. perfringens reference strains by high salt treatment method described by previous authors [16] . Two to five single colonies of C. perfringens isolates were picked up randomly with a sterile loop and suspended into 100 μl of sterile diethylpyrocarbonate treated water. After boiling for 20 min and centrifugation at 15000 × g for 5 min, a clear supernatant was used as template DNA for PCR test. Oligonucleotide primers specific to alpha, beta and epsilon toxins of C. perfringens were adapted from previous workers [8] (Table-1 ).
The multiplex PCR was performed using a thermocycler (Kyratech, USA) in a total reaction volume of 25 μl containing 2.5 μl of ×10 Taq buffer A; 0.5 μl of 10 mM d NTP mix; 1 μl of 25 mM MgCl 2 ; 0.5 μl of Taq DNA polymerase (5U/μl); 5 pmol each of alpha and epsilon primers and 10 pmol of beta toxin primer and 1 μl of template DNA for reference strain and 2.5 μl for clinical isolates. Amplification was obtained with 35 cycles following an initial denaturation step at 94°C for 3 min. Each cycle involved denaturation at 94°C for 1 min, annealing at 53°C for 1 min, synthesis at 72°C for 1 min. and the final extension step at 72°C for 10 min. Following the multiplex PCR, 10 μl of amplified products was separated using electrophoresis in a 1.5% agarose gel and stained with ethidium bromide. The amplified bands were visualized and photographed under UV illumination.
Sequencing amplified PCR products of alpha, beta and epsilon toxin partial gene segments of C. perfringens reference strains and field isolates were purified by using the QIA quick gel extraction kit and purified DNA was sequenced using the ABI 377 Perkin Elmer automated DNA sequencer at sequencing facility, MWG Biotech Pvt. Ltd, Bangalore. Sequence data were analyzed using BLAST N software (http://www.ncbi.nlh.nih.gov/BLAST/cgi) with non-redundant database.
All the isolates C. perfringens obtained from healthy and enterotoxemia suspected flocks in this study were screened by multiplex PCR and the result were tabulated. The prevalence of C. perfringens in different groups was compared using the Chi-square test. 
Results and Discussion
Results of multiplex PCR test for detection of toxin genes of C. perfringens revealed simultaneous amplification of alpha (cpa 324 bp), beta (cpb 196 bp) and epsilon (etx 655 bp) toxin genes in various combinations indicating the presence of C. perfringens toxin types A, C and D, respectively (Figure-1) . However, none of the isolates showed simultaneous amplification of all the three genes of alpha, beta and epsilon toxins in multiplex PCR test, indicating the absence of C. perfringens toxin Type B among the isolates.
Out of 208 samples attempted for isolation from enterotoxaemia suspected and healthy lambs, 124 (59.62%) isolates of C. perfringens were obtained. Out of which, 97 (69.29%) were obtained from a total of 140 samples collected from enterotoxaemia suspected lambs, whereas 27 (39.71%) isolates were obtained from a total of 68 samples collected from healthy slaughter animals. The results showed a significant difference (p<0.001) between enterotoxaemia suspected and healthy groups in terms of number of isolates of C. perfringens (Table-2 ).
All 124 isolates of C. perfringens were subjected to multiplex PCR for confirmation of toxin type. The results of toxin typing was presented in (Table-3 ).
BLAST analysis of purified PCR products was found to be showing 100% homology with corresponding published toxin genes confirming the amplicons as alpha (321 bp), beta (196 bp) and epsilon (655 bp) genes of C. perfringens. Two alpha and three epsilon toxin genes partial sequences were published with Gen bank accession numbers JX091649; JX074046 and JX033910; JX035899; JX112705 respectively. Though C. perfringens was considered as part of normal intestinal flora [17] the significant increase in the number between enterotoxaemia suspected and healthy samples in the present study has diagnostic significance. Toxin typing of isolates revealed an increase in a number of C. perfringens Type A and D in cases of enterotoxaemia in lambs, though C. perfringens is the normal gut inhabitant of sheep [18] .
All the 124 isolates were tested by multiplex PCR for identification of toxin types. Among the total isolates Type A was found to be the predominant toxin type (72.58%) followed by Type D (18.55%) and Type C (8.87%). The results of the higher proportion of type A are in concurrence with the earlier reports of toxin typing of C. perfringens isolates by multiplex PCR test from enterotoxaemia suspected, and healthy sheep flocks [5, 6, 19] . Toxin Type A isolates were often physiologically similar to other toxin types [20] . The only difference between toxin Types A and D is the epsilon toxin [2] , which is plasmid-borne and the gene could be acquired horizontally [7] .
Type B was reported as most prevalent toxin type representing 46.00% of cases of clostridial dysentery, followed by Type D in 28.00%, Type C in 20.00% of cases [21] . Two Type D (7.40%) were found out of 27 apparently healthy animal samples in the present study. Presence of Type D in apparently healthy animal samples were also demonstrated by previous authors [10] . It was suggested that these animals might be either at an early stage of C. perfringens Type D infections or indicated past infection or carrier status of C. perfringens Type D. Large genetic diversity in C. perfringens strains might be because of acquisition or loss of plasmids carrying toxin genes [22] .
Isolation of a large number of C. perfringens Type B or C in pure culture has excellent diagnostic value in the presence of appropriate clinical signs and lesions [23] . C. perfringens beta toxin is considered the main virulent factor in Type C infections [1] , which is very sensitive to trypsin digestion. Animals with low levels of intestinal trypsin (lambs) are usually the most susceptible groups for beta toxin producing C. perfringens isolates [1] . Similar conclusions could be made from the present investigation based on Increase in the prevalence of C. perfringens Type D 21 (21.65%) and C 11 (11.34%) in lambs with typical symptoms and lesions of enterotoxaemia, when compared to their negligible presence in healthy animals (3.7% Type D and 0% Type C).
In the present trial, C. perfringens field isolates were not random and therefore, may not accurately represent the distribution of toxin types in animals or disease conditions. However, the predominance of epsilon toxin-producing isolates and identification of beta toxin in enterotoxaemia suspected flocks for the first time in the region suggests the importance of this toxin types in Clostridial animal diseases in India. Further studies are required to detect other prevailing toxin types of C. perfringens in the region.
Conclusion
The multiplex PCR test is a useful assay for genotyping of C. perfringens and is a possible alternative to single gene assay and in vivo typing methods.
In turn, this would simplify the development of specific vaccines using available toxin types suitable to the region. Type A is found to be predominant in both enterotoxemia suspected and healthy flocks. A higher proportion of C. perfringens Type D and Type C were associated with sheep suspected of enterotoxemia. Prevalence of C. perfringens type C was reported for the first time in India. Identification of the prevailing toxin types of C. perfringens in the region by multiple toxin types will help in production of the polyvalent vaccine to control the diseases. 
